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According to available experimental data, of which we w i l l  speak 

V. L, Gins- 

ego S0veshchani;ga PO Voprosam k m o g o n i i  (Transactions of 

la ter ,  no electrons have been found i n  the composition of  cosmic rays 
which reach the Earth. Therefore, it m a y  seem at  first glance tha t  there 
is no reason t o  be particularly interested in the problem of the electron 
component of primary cosnic rays L e .  the rays which reach the upper 
limits of the atmosphere, First, the absence 
of electrons i n  the primary component near the Earth is a very signif59 
cant fact  which must be taken in to  account and explained by every theory 
i n  the origin of  cosmic rays. Second, data on galactic radio emanations 
nov affords a basis for  assuming that the in te rs te l la r  space of our 
Galaxy contains a considerable number of  r e l a t iv i s t i c  electrons, compar- 
able t o  the number of  r e l a t iv i s t i c  potons, but with a mean ene gy l ess  

In our opinion, these two fac ts  fully justia the discussion o f  the pro- 
blem of  the electron component of p & ~  cosmic rays undertaken below. 

In section 1, data are presented on the electrons i n  the comic 
rays x&ich reach tize top of the Ea r th ' s  atmosphere. 
discussion here of  the question of the gap i n  the spectrum of the pr i -  
mary cosmic rays a t  high geomagnetic la t i tudes i n  connection with the 
problem or" the dipole magnetic moment o f  the Sun or solar system, 
m t h e r ,  i n  section 2 the problem o f  galactic radio emanations is dis- 
cussed as a source of information on the r e l a t iv i s t i c  electrons in inter-  
s t e l l a r  space. 
s t e l l a r  space which are connected with ionization and radiation losses, 
decelerating radiation i n  the in te rs te l la r  magnetic fields, and the re= 
verse Compton effect on in te rs te l la r  photons. Dzta on a possible mech- 
anism, leading t o  the acceleration of electrons in  in te rs te l la r  space, 
are also presented i n  th i s  section, Finally, i n  section 4, as a r e d t  
of comparing all t i e  material. t he reAs  a discussion o f  the question o f  

However, this i s  not so. 

than tha t  of t'ne protons. (&st electrons have an energy E (10 5 ev, ) 

There i s  also a 

Section 3 compares the energy losses o f  electrons i n  inter-  
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the or igin of cosmic rays and, in-particular, of cosmic electrons+ 

1, mer imenta l  Data on Electrons a t  the Upper Limits of 
the Atmosphere. 
a t  High Latitudes 

The Gap i n  the Spectrum of Cosmic Rays 

According to the l a t e s t  available data a, the n d e r  of p m  
part ic les  of the f t  component (electrons positrons, photons) with an 
energy E> 1 , ~  *10yev does not exceed Oo6S0f a l l  primary par t ic les  with 
the energy of more ‘char approz&nately lo9 ev. 
were =de by yans of balloon-lifted cloud chamber at  the geomagnetic 
la t i tude of 5;s 
netic latitude). 
i n  ear l ie r  mrks @,g which ~ n ~ e  are not going t o  analyze here in more 
detail,  It can be noted tha t  the vertical  intensity of all prim= par- 
ticle: (of &k&h protons account forsproximately BO%), a t  the lati tude 
o f  5;s 
A% the la t i tude of 58’ N I= 0.29 T0.03 p q t i c l e s  

This intensity, ypparently, does not increase significantly a t  higher 
alt i tudes (see below). In the hypothesis, concerning the isotropy of  

Gorresponding measurements 

(in the folloraing text, l~lati t ;Ude~~ means always geomag- 
This resu l t  does not contradict the e s tba t ions  made 

N i s  equal to approximately I- 0.22 particles 

CmL.sec. steradian 
(rocket data . 

unL+ sec, steradian 

primary particles, the i r  concentration Nt - Llf I=- 4tu 0.29”1.2 x 10 -10 
C C 

A t  the geomagnetic equator a, I= 0.028 2 0,OOh particles 
mL.sec. steradian 

Thus, approximate1 

at  fati tudes 58 a d  0 

corresponding Einetic energies for electrons and protons which can reach 
i n  the vertical  direction a point with geomagnetic lati tude& calc la t ion 

According to  data L?,g, at the lati tude 6& I=O.25f 0.02 

9/10 of all primary particles posses an energy i n  the 
ran e of 1.2 x &O H 3 lb.g.lOg ev, COrPeSpOnding to  the permissible energies 

has been made according to the formula CPdnOvefi = l4.g 10 L e  cos h ev). 

Far the sake of convenience, Table 1 gives the minimum pulse and the 

p a t i c l e s  
CmL.sec. steradian 
from the top of the atmosphege). 
fering t o  the d t i t u d e  of s’s M (see above), leads t o  the conclusion tha t  
the spectrum 08 the primary par t ic les  is cut of f  a t  apBro-ately the 
lati tude of 58 N, Foer f o r  a proton energy s- 5; 10 ev and an electron 

energy E=l*2*1O9 eve Since the measurements have been ma& by differat  
authors Using a f f e r e n t  methods, no definite conclusion on the presence 
Of a gap i n  the spectrum Can Yet be made_ (Note 1>, even though such con- 

(.=t the alt i tude which correqmnds to 16 -2-=20 g/m 2 

Comparison of these data with those re- 
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Table 1. 

Dependence of the Threshold Pulse 
and Kinetic &erg$ of Electrons 
and Protons on the Geomagnetic 

Latitude 

Geomagnetic Latitude 

78' 30' N 
(geograph. pole) 

(Spitzbergon, Franz- 
Josef Land) 

74O N 

69' N 

520 M 

00 

2,3*107 

8,6 . 107 

2,s lo8 
5,9 1108 

9 1,2 10 

2,1 . 109 
1-4,s . 109 

electrons protons 



elusions appear t o  be very probable (Note 21, 
is  no gap i n  the spect-, it can be stated that a t  lat i tudes above 58' 
the spectrum becomes considerably flatter, t h  n at lower lati tudes (Note 

of the t n e  N(E)= 2 K - pa, d e r e  r = L 9  5 2, l  fs17, In the r edon  
of greater ener@es (E)l0I2 ev), according to the datz on exbensie at- 
mosFheric showers, r = 2.7. 
i s  clearly seen in Fig, 1 (the plotted curve isrN(E)dE;  m e t i c  energy 
E& is =ked on the abscissa. As a l r e a e  indicated, with CPL log ev, 
the spectrum i s  either cut off ,  L e +  the particles with cp < log do not 
reach the Earth's o r b i t  a t  a l l ,  o r  the different ia l  s p e c t m  has a sharp 
maximum with cpca  log ev, and thus the indicator r 
and a gradual spectrum i s  used, 

In all3p Case, eve* i s  there 

3). Tn the r a g e  2,108 e v & m &  s.109 ev ( Og 434 2*> the spectrum 5s 

The overall view 0" the intewal spec- 

0, when cp i s  lower 

(Note 1): The works 05,367 present k t a  which indicate, with a 
great degree o f  probibility, the existence of  high-latitude cutoff, 

If we agree that all possible increase i n  the number of 
par t ic les  between lati tudes 58' and 69' i s  due t o  electrons, then, taking 
the values fi,g with the maximum of indic ted errors, we obtain f o r  the 

of the entire flux a t  these alt i tudes (in 
according t o  

(Note 2): 

number of eiectrons i n  t h e  range of 2.5'10 Q <E<1,2.10g the value of 3.7% 
IsF0*29 2 Od3; in a, 

1 ~ ~ 0  = 0.25 - 0.02, an thus, AI = 1690- - 1 5 8 0 ~ ~ .  
0.01 and I = 3*7% ) e  

I - 
(Note 3): Tt nay be noted that calculations are usually made Trith 

the assumption t&at the fie d of the Earth i s  a f i e ld  o f  a dipole with the 
moment 8, l  10 
Korthern magnetic pole axis has coordinates 78O30'  N, 69' W. 
this assumption i s  not s t r i c t l y  precise, but the error introduced, evident- 
ly, i s  small. 
a lso appro-te , 
point of  view of spectrum form, but 5% c a  be very significant from the 
point o f  view of interpretation. 
ly  be doubted that  the absence of pmt ic les  with smal l  energies near the 
Earth i s  due not to t he i r  absence in i n t e r s t e l l a  space, but t o  the act- 
ion of a certain magnetic field,  Usually, the solar dipole f i e l d  i s  re- 
garded as such a magnetic field,  In  the second case, when t& low-energy 
par t ic les  are s t i l l  present (even though only in small numbers),cert& 
considerations, based on the Louisville theory (see f o r  example Bm, 
lead t o  the cor_clusion (Note 1) that  the number o f  1ot.r-energy p g t i c l e s  

be the same, as a t  the top of the atnosphere) (Note 2). 

gauss *m 3 , situated in the Earth's center, while the 
Ac tuay ,  

(*e /ar is The formula used i n  the t ex t  for  cpmin vert 

The difference between the two  cases m a y  be very m a l  from the 

li.1 the f5rst case (cutoff), it cazl hard- 

(cpZ(10 9 ev) i n  the in te rs te l la r  space i s  very small (their  density must 
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(Note 1) It i s  assumed that t6e particles move o~ly within the 

= 3J07 ev 
Fagnetic field; th i s  assumption seems t o  be justified. 

( h  = 69') have the velocity V = , Therefore, th the given value of 
(Note 2 )  It may be noted that  the protons with 

the intensity of particles I, t& density N = IF TI xi11 be approldmately 

with the protons with Eldn) (1.3 g L7). 10 8 ev (depth on the order  o f  

w 
four t&s greater, than i n  %he case o 
clude the electrons W;,th bn 2&10 (A - 69'). On the basis of this 
e m p l e ,  also taking into consideration t h a  

16 { 20 g/m2 of air eqyivalent), it becomes clear that our conclusions 
remain practically unchanged, although atx) 70' the difference between 
v and c may be very substantial. 

i n  the inters te l lar  space do not provide a basis f o r  m a k i n g  an entirely 
m e  choice between the two aforementioned possibil i t ies,  This problem 
must be solved primarily by experimental investigation o f  the spectrum 
at  high la t i tudes (the main question is, whether a sharp cutoff i n  the 
spectrum occurs; Bowever, w e  may say that the asmyt ion  
of the absence of a considerable number of particles with cp(l0 
the Gal= in the region o f  the Sun (second case) appears t o  be very far 
fetched and hardly probable. Actually, the low-energy particles w i l l  be 
absent, i f  they are not created i n  the Galaxy a t  a l l ,  or  if the primary 
sources of these particles are concentrated i n  the center of the Gal-, 
and the softer particles amnot reach us. The f'irst assumption i s  
very a r t i f i c i a l ,  since there is no reason fo r  be ieving that  primary 

r e l a t iv i s t i c  particles which in- 8 
actual measurements were made 

- - The e d s t i n g  notions on the origin of cosmic rays and their  motion 

see above. ) 
ev in 

m. 
sources would furnish only particles with cp> 10 4 ev ire. with 
ev for  protons. The second assumption i s  also without 
the most probable prima.ry sources, the sppernova s t a r s  (see section 4), 
form a flat, and not a spherical subsystem with a Smau radius. 
i n  m, i n  accordance with &$, it is accepted that the value SL- 10 i s  
a mean length of the path i n  the s t e l l a r  magnetic field, while i n  the 
framework of t95 Fermi mechanism pg it would be more correct t o  chose 
the valuex-10 From the point of dew of m, th i s  moment 
i s  uzrfavorable. 
tior\_ of the ex tkc t ion  o f  the spectrum in the f i e l d  cp(10 
rons which have smaller ionization losses. 
l ac t i c  radiation, which mill be discussed in Section 2, t e s t i fy  to the 
fact that, i n  the direction of the galact'c pole, tnere i s  a considerable 

this, that the absence o f  electrons on Ear th  must be conmcted d t h  some 
kind of  mechanism for cutting off the spectrum. 
assume that the cutoff i n  the spectrum appears wiithin the limits o f  the 
solar s y s t e m ,  i.e. tha t  precisely the second case occurs. 

More8ver, 

(see &7. 
Still more difficult, if ever p o s s i b l e i j i  the explana- 

Finally, the d&a on the ga- 
ev f o r  elect- 

number o f  electrons with an energy cp (10 b -  ev. It follows directly from 

It i s  most natural t o  

.: 

- 5 -  



The absence of particles wig cp(109 ev was e-lained u n t i l  re= 
cently a by a "magnetic cutoffm, connected wit& the effect  of the solar 
magnetic dipole-moment, 
sumed heliomagnetic equator, the smallest pulse o f  particles able to 
reach the Earth i n  any direction, according t o  a, i s  e@ t o  

Since the Earth i s  situated close to the pre- 

where FIB i s  the s o l a r  magnetic moment and R i s  the radi s of the Earth's 
orbit  (in the l a s t  expression, measuring M @in gauss.Cm , we obtain cpo 
i n  electron-volts). 
any direction, i f  the i r  impulse i s  less than the pnlsw M~ 

s 
The Earth's orbi t  is inaccessible t o  particles i n  

= 2,33 . Ma c 

c&in-  g& 

The magnetic moment (2J0corresponds 
i s  equd  ( r  Q = 7 10 ): 

- - 2M 0 
%I@= 76 

to the f i e ld  on the solar pole which 

2,s 0 10 -8 c p e  

-&en p<prnin, the particles do not reach -the Earth a,% al l ;  
p<po, par t ic les  reach it from dl directions, while with pmin< p <po, 
only particles moving from infinity i n  certain directions reach the Earth. 
1% would seem, therefore, that, due t o  the Earth's ro%tion, there should 
occur diurnal variations of cosmic radiation. 
variations 'should be considerable. 
from this point of view, t o  the absence of the effect of a solar  mgnetic 
field, However, more precise calculztions fig lead t o  the conclusion 
that  the absence o f  variations within the l k t s  o f  the attained accuracy 
of measureme s is m t  incompatible with the presence of a solar moment 
E@< 6.5.18 (Ka@<oersted). The absence of variations can be ex- 
p l m e d  by the fact  tha t  the particles with pulses i n  the range pmin < 
P<Po, for  various reasons, get into periodical orbits;  
particles with p)pinin arrive 

when 

According t o  Dg, these 
Their Asence i n  r ea l i t y  tes t i f ies ,  

as a result, the 
t the Earth from a l l  directions (see 6 2 ,  

13, 2 l l ) .  Assuming cpdn = 10 9 ev, we obtain 

M Q  = 4,3 .. 10~3; HI1 @= 25 oersted 

Having i n  mind the insufficient accuracy of  experiment 
may be considered tha t  the cutoff occurs even when cp<l.S*lO$ which 
corresponds t o  the f i e l d  Hlr $40, 
served cutoff, a f i e l d  I311 

data, it 

Thus, f o r  the explanation of the ob- 
-2s oersted i s  necessary (we have already 8k. 
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.--+ 
mentioned tha t  these data need more precision). 
on the cosmic rays do not contradict the presence of a f i e ld  

that, at  l ea s t  a t  present, %I 
/i!.,!-f.,!- existing methods f o r  meas&%ng the general s o l a  magnetic field,  
z t h  which we are concerned, are far from being reliable; therefore, 
the assertion of the smallness of the field €In: i s  subject to doubt. 

In t h i s  connection it mw be noted tha t  e%n with H I @= 0 the 
cutoff i n  the spectrum by a f i e ld  of the solar s y s t e m  can 6e expected. 
As it i s  @own, i n  the Earthls o r b i t  the f i e ld  of the Sun 
/ , 3 *  /o'& (with H S I  6 Further, according uo a we~--known argumentation (see, f o r  example m, 
lg ), it can be expected tha t  i n  the in te rs te l la r  gas there ex5sts a 
magnetic f i e l d  H, determined by the relationship: 

On the other hand, data 

reaching up t o  LO oersted. A t  the same time, astrophysical 
(2 + 5 oersted. Yiwever, according t o  

HG- = 
= 2.5 oersted) and i n  Keptunels orbi t  J3.y -lo1". 

where i s  g density and v is  its velocity, Tn our solar system 
P>IO- '~  g/J, gas velocity in the Earth's orbit ,  probably, i s  i n  the 

larger than the solar dipole field, 

possesses a c53tai.n magne i c  moment.Mc , which can have a value on the 

cutoff in the spectzmm. Such a moment would be created, f o r  exm@e, by 
a circular f low With the radius R e q y d  t o  t h  radius of the Earth's or= 
b i t ,  taith a cross section on the order of7l[$lF f l o w  density being 
j = 3.10-7CGs&. Given the concentration of e ectrons .rn 1, t ' s  means 
tha t  the additional velocity of  the electrons i s  v = gn - l$lm/sec. 

In the f i e l d  H 
of of the same order  as he density o f  the Sunls g r  ta t ional  force a t  
the distance R = 1&1013 with a gas density p-1OM~/un3.  NaturaYy, 
the problem of the magnetic moment o f  the solar system requires special 
analysis. 
i @  the assumption tha t  the cutoff i n  the spectrum may be comected more 
with the moment of the solar system, t h a  mith that of  the Sun i t s e l f .  
Therefore, the absence of the Sun's momeEt, needed t o  account f o r  the cut- 
off in the spectrum, i s  not a sufficient reason t o  re jec t  the idea tha t  
the cutoff i n  the spectrum i s  caused by a magnetic f i e l d  of  the dipole 
type, acting from the outside of  the Earth's orbi t .  

In a recently pubkished work ng, as a resul t  of the 
observation of multiply charged particles, it h% been demonstrated tha t  
high-latitude cutoff is caused by a magnetic field. 7i? t h i s  connection, 

order of vb = 3 .Id cm/sec, and thus, for the Earth H >lo- 5 Le. 

Therefore, it is  conceivable that  the solar system as a whole 

order of  s E I O  gauss .cm f , which is  what i s  required for the observed 

i 
the density of force Gg, acting on such a flow, 

However, i n  our  opinion, the preceeding remarks actually just- 

(Wte 1) 
(Mote 1): 

4- 
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the problem of  the magnetic f i e l d 5 f  the solar system becomes of parti-  
cularly great interest .  (This note was made during proofreading.) 

In the composition o f  the primary cosmic rays near the 
Earth, there i s  no noticeable number of electrons with an energy I3)l.l. 
lo9 ev (to be more precise, t he i r  number i s  not larger than 0.6% of  all 
primary particles) . 
cutoff occurs i n  the spectrum or" a l l  primary particles. 
perimental investigation of t h i s  zone of the spectrum i s  needed, but even 
now there &s no reason t o  assume tha t  the number o f  electrons with 
E> 2.5'10 ev is more than a few percents of a l l  primary particles, even 
i n  the case o f  a gradual cutoff in spectrum. 

flunming up the above, we arrive a t  the following conclusions: 
1. 

2. WLth cp 2 1.0 < 1.2 109 ev, a more or l e s s  abrupt 
A further ex- 

3. According t o  the present data, the cutoff i n  the spe t rum 
of cosmic ray particles (in the first place, of protons), with cpG10 8 ev, 
can be explaihd not by the absence of  such particles, but rather by the 
effect or" the magnetic f i e ld  created by the magnetic moment either o f  the 
sun or of the solar system. 

2. Galactic Radio Bnanations and the Electron 
Component of  Cosmic Fkys 

Presently available experimental data show that  the galactic radio 
emanations i n  waves over 3m are basically o f  a non-thermal nature. 
the direction of the galactic pole, thermal radiation, apparently, i s  
negligible, even with x> 1&m. 

The intensity of the non-thermal component, evolved i n  Fq in 
the range of  1&<h < 16.3m., i s  as follows: 

In 

(4 f k  9, 7 b  J O ' ' T a  EJLy -* - 
6r\ 'Y 

3 

5 
- a K f + j  

' a= -Tr - 
i.e. T i s  aFproximately t o  . The values T ff i n  the 
directions toward the center and toward the pole of the Gafaxy are shown 
i n  Table 2 (to be more precise, Table 2 shows minirmnm and m z d m u m  values 
of Teff, corresponding approximately t o  Teff in the indicated directions). 

Table 2 for Teff - , we obtain on the averGe the value 
Determining the value of the constant a i n  (6) &om the data o f  

a * 5.10'~~ erg 
s e c a m ~  .cycle .steradian 

In  the direction totJard the center of the Galaxy,  the value il 5s aPProx- 
ima.telg 10 times larger. - 
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Values Teff f o r  Galactical Radio Emanation 

Table 2 

150 
187 
300 

Teff max 
(center) 

1630* 
2180* 
5000 

21000 

175000 

88 
128 
500 

2200 

50000= 

* 31 the direction toward the center of the G a l q  the radiation i s  
partially thermal 

Relationship between Teff maX and Teff min is distorted by absorption 
i n  the inters te l lar  gas 

A t  present, the general non-themal galactic radiation i s  connected 
with only one mecharism, namely, the radiation o f  re la t iv i s t ic  (cosmic) 
electrons i n  inters te l lar  magnetic f ie lds  fl7--15f. 
stellar hypothesis on the nature of the general galactic radj-ation, b ~ e  
must say that  this hypothesis which always appeared t o  us very ar t i f i -  
c ia l  and poorly founded, has now been entirely discredited through the 
discovery o f  the €'irLte angular dimensions o f  discrete sources o f  cosllic 
radiation. 

sufficiently explained by assuming tha t  ther 

N N  moving in the fields H-10g6 oersted. 
%ions appear t o  be entirely natural and th i s  i s  a weighty argument i n  
support of the mechanism under consideration. 

stellar electrons from the spectral data. 
spectrum of these electrons i f  of the type 

A s  t o  the radio- 

As w a s  shown i n  m/, the observed intensity of radiation cun be 
are electrons i n  inter- 

stellar mace with energy o f  the order of 10 8 ev and a concentration o f  
811 these a s m  p- 

An attempt may be made t o  obtain more detailed information on inter-  
Namely, l e t  us a s m e  that  the 

and that  they are moving i n  a homogemus magnetic field. 

- 9 -  



Then, using t h e  results of Grk i f iq ,  - we can represent the rad- 
ia t ion  intensity I, as follows: 

gu -5  ere * c/lv) = 1-1 u A= 
H is a certain average value of the projection of the magnetic f i e l d  
perpendicular t o  the electron velocity; 
i n  the contemplated direction; P (r,E) is  the energy radiated by an 
electron &tlr energy E in one un i t  of time i n  a single frequency interval 
(for more detail see /18, lg; and J(u) is the function, indicated i n  ,&!g and shomn in Tabie 3 

R i s  dimension of the Galaxy 

Table 3 

Values of the r b c t i o n  J(u) 

U J(u) u J(u) J(u) u J (d 

0 0,256 0 1,2 0,036 0 , 0425 
OY2 0,204 O y O b  1,b 0,023 0,0325 
Q,4 0,156 0,062 1,6 0,0143 0,023 
O Y 4  , 0,115 0,069 1,8 0,00855 0,0154 
058 0,081 0,065 2,o 0,005 0,Ol 
130 0,055 0,055 3,O 0,00023 0,0007 

The spectrum, evidently, i s  regarded as uniform along the entire l ine  of 
sight, 
expression 

Comparing (8) with (6) we see tha t  r 3,  and we arrive a t  the 

1, - 3, l  10'15KH2Rh = a 7\ (9 1 
where it i s  taken i n t o  account t ha t  



Since the in te rs te l la r  gas, as   ell as the sources of galactic 

each 10-5 

radiation (cosmic electrons), form a nearly spherical system E, 1679 
the value R, probably, c a ~  be increased several t k s ;  it is a lso  ad= 
missible tha t  the v lue H might from ( 5 )  we obtain a f i e ld  
of the order of 10-9 a t  p +  log2$, V +  lo7{ - Thus, apparently, %3.10'19 
erg/m3 

The concentration of electrons with E>Eo is equal t o  
IC 

N ( E > E o ) =  7 
2% 

Assuming E& 1.2.109 ev and K = b- 3*1O"% 105 e$/m3, 
we obtain N (E> l.PlO9ev)-- 4.10~%m-39 L e .  the concentrafpn of 
electrons i s  equal t o  3.10'4 of the concentration N =1.2*10- 
primary particles (with energy larger than Eo 1~ 1.2*1@ev) ne= the 
Earth. 
the Earth, for electrons N (E,> 1.1.109ev)( 6.10-3 x 1.2.10'10~ 7.10-12 

Consequently, the data on primary electrons near the Ear th  and on 
the number of electrons needed fo r  the explanation o f  the observed galactic 
radio marlations do n t contradict each other, and therefore it can be 
assumed that  ev2/cmi. p $der t o  have some reserve, l e t  us 
assume IC = 
H = s*10'6, R 

of 

As we have seen i n  Section 1, from the data on cosmic rays near 

=- 10 ev /cm , f o r  example, d t h  a 5 s.lO-a, 
4 0 1 0 ~ ~ )  we obtain 

N(E)3+108) -E' 5.10912m-3 9 

N(E > lo8) = 5~10°11m-3, +' 

N(E> lo9) 5.10-~3,-3 
If me co sider the accepted s p e c t T a s  correct p t o  energies o f  

the ordey o f  10 7 ev, then we obtain N(E >lO ev) =50&m-3* yommr, 
radio measurements do not furnish a basis Tor judging the concentration 
of particles i n  t h i s  region. 
maxiTmun contribution t o  the intensity i s  made by the electrons, for which 
the parameter L-0.6, while the regions of values u 7 2 and u <0.1 

As can be seen from (8) and Table 3, a 

- are not essential, The parameter ? L -  

-3 7- 

(Ua)  

'Kith 2"h  '='l;ns*O.%'l, Frith .U = &=5,6rl, and with u 0.b- 
-Y 

v 
P O.O6r l ,  &ere 

- u -  



i.e, with E25410 8 ev. On-the other hznd, no s ignif icmt contribution t o  
the radi@,ion r/aith h = 16.3m i s  made by particles IKL h an energy 
E < 2.10 ev, nor by par t ic les  with an energy E 2 2013ev. 

the p z t i c l e s  with E 9=2*109ev and i s  practically independent o f  particles 
r ~ t h  E& 8*109ev. It can be said that  the data on the 

cosmic electrons have a differential  spectrum 

Nonthermal radiztLon on the 1.53~ wave i s  basically determined by 

alactic radiation 
t e s t i fy  t o  the fact  that, i n  the range of energies 2.10 8 ev<E (8.1@, the 

106 
N(E>- ~- ; r  cm-3 eve1 (13 

The conclusion arrived a t  i s  i n  accordance with existing resu l t s  
relating t o  cosmic rays on the Earth, even without maldng the assumption 
that  the slow electrons are completely cut o f f  by a magnetic field (as 
indLcated i n  Section I> according t o  presently a .zXI.able data, there can 

690; 
in mind the roughness of the calculation, caniit  be regarded as contra- 
dictory to the foregoing figure. 

It must be underscored, however, that  the calculations made should 
be regarded as estimative, as it follows from the accuracy of the experi- 
mental data on radio emanations and the accuracy o f  the i r  processing. 
Such calculations, as w e l l  as a l l  computations concerning the theory  of 
the origin of cosmic rays, can hardly claim a greater accuracy. This is  
connected, i n  particular, with the fact  that  we have considered the den- 
s i t y  of particles independently from galactic coordinates and that  we have 
selected an average value of  the f ie ld  H, etc. Let us note i n  this con- 
nectioy: i n  the case of spectrum (13) the number of particles with 
E > 10 i s  so srnall  and the data on the spectrum of nonthermal radiation 
are, relatively, so $naccurarte, that, by changing the spectrum somewhat, 
i n  the region E (10 it is  evidently possible t o  ensure accordance with 
e%perience e en assuming the complete absence o f  electrons with an energy 

of Cosmic rays. 
i n  experiments, can be fully explained by the %i+ ign  action o f  inter- 
s t e l l a r  magnetic f ie lds  ( t o  be more definite, we are considering that  
region of  energies f o r  which the effect of the solar field is not sig- 
rLficantj. In this connection, it is pointed out tha t  the radius of  
the curvature of particles i n  the f ie ld  H, Wiiici? is perpen&dar  t o  
its pulse p, which is  equal to 

be not more than &$ of electrons with E >  2.5.10 15 ev a t  the latitude of  
according t o  (13), we obtain i n  this instance 7$, Fahich, keeping 

E > I A 2.10 B ev, 
‘321 conclusion, l e t  us make an observation concerning the isotropy 

1% is usually regarded that  this isotropy, PThich occurs 

even a t  cp - 1017e~ i n  the field H f”3°10-6 is  consider&ly smaller than 
/ 
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the radius of  the Gal= R (r r lo2% 11 
f i e ld  r v  1012 cm.) 
particles "forget" their  initial direction and i n  the middle intermix 
i n  the G a l m e  Bwever, according t o  the present ideas, the character- 
i s t i c  distance, a t  which significant changes occur i n  the direction and 
value or" the inagnetic field, is 8- 3.1019 
%his i s  the case, then ome quasi-homogenous f i e l d  must exist in the 
region of the order o f  ( ; since for most observed particles cpWlO9 
and the radius of curvature r<( , there is 30 r e s o n  to speak about 
isotropy, w i t h u t  first making a special investigation. 

considerably smaller than the and that at the sane time 
the effective transfer of energy t o  a particle, because of its %ollisio/n" 
with the magnetic field,  i s  characterized exactly by the length f? ,> 4 
(Le. 4' - the length of free path f o r  nelastic collisionsn, and P - for 
"inelastic collisions1!). 
great importance znd,deserves a special analysis. 

a t  cp (v 10s i n  the same 
This argument actually explains, why the comic ray 

10 parsecs (see - -  m7). If 

It is  possible that the quaist-homogenous f i e l d  is  
, 

In aqyccase, this question seems t o  be of a 

3. The Movement of  Relativist ic Electrons i n  
k t e r s t e l l a r  Space 

As electrons move i n  the in te rs te l la r  gas, there are both enerm 
The following %?pes of losses 

1, Ioniaation losses. 
2, 

3. 

4. 
There are also losses of nuclear origin, but, i n  case o f  electrons, 

losses and, i n  some cases, energy gains, 
are possible: 

collisions with other  par t ic les  (electrons, protons, nuclei)* 

ing o f  electrons on thermal photons. 

Radiation losses, Le. losses t o  braking radiation following 

b s s e s  connected with khe "reverse Compton-effect" - - scatter - 
Losses t o  braking radiation i n  the in te rs te l la r  magnetic fields. 

they are negligible as compared s.Ji"th the electromagnetic lossesc 
also disregard the losses resulting from the fact  that some electrons 
reach the stars, since th is  mechanism is azroximately 10 orders l e s s  
effective than that  o f  b r a g  on protons. 

We wi l l  

Energy gains by electrons m a y  resu l t  f'rom the following processes: 
1, M g  collision with the "magnetized" clouds (Fermi mechanism 

2. Due t o  induction acceleration i n  the variable interstellar mag- 

If we disregard the arr ival  of high-speed electrons from stars, 

Qq) 
Eetic f i e ld  ( this  mechanism was discussed by Pa. P, Terletskiy and A. A. 
Logunov @q, and by L. E. Gurevich &g). 
nebulae (for example, shells of former super-novae), etc,, the formation 
of  high-speed electrons i n  in te rs te l la r  space is possible only as a re- 
su l t  of close collisions (6 -electrons) due t o  the disintegration o f  

3 .  

- 
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mesons formed during the collisions-of cosmic nucleons, and as a resul t  
of the generation of followjlzg colLisions of  chargedparticles with 
thermal photons. 

Let us first exmine the problem or“ energy losses. 
Ionization losses of an electron with E>mc2 i n  atomic hydrogen 

are determined by the expression 
L 3  c I n  - ’Is. arr eqn. - ($& h$- !AflCZ L1‘ 

- lnc- E- ”r j=$ 
= L 4 4  ~10‘ ’9h~31)7--&-%+30.~ - -  c h r  

s - ’ i 0 s L 3 r m  - ?c 0083 Lf 

- 7.6% * lo”, L31h - E -b %,d-eg (1.5 1 
WC’ 

h e r e  n i s  the concentration of atoms (atomic electrons), and the mean 
excitayion energy I is  accepted as equal t o  1s ev; 
ion the distance i s  measured in light-seconds. 

approximation, by the same formula, where g sign5fies the concentration 
of  a l l  atomic electrons. 
about 0.1% C, 3, and 0 t&en together. The contribution t o  the ionization 
losses from these atoms i s  respectively 20% and 1% of  the losses in  hydro- 
gen, and  ire shal l  disregard them, since the concentration & f o r  hydrogen 
i t s e l f  i s  kmxn w i t h  even less accuracy. The radiation losses w i l l  be 
treated below i n  the sane way, although -the effect  i s  i n  this case pro- 
portional t o  Z(Z + 1) dnere 2 is  the atomic number of the nucleus, and 
fo r  HE? amounts t o  30% of the losses i n  Eydrogen, while for  C, N, and 0 
it i s  3%. 

where n.yQ.1, is not ionized. 
gas and between the clouds near the plane o f  the Galaxy ,  the hydrogen i s  
almost completely ionized. In t h i s  case, “ionization” losses are as 
fo’llows (IU i s  the concentration of electrons): 

F 

i n  the l a s t  express- 

Ionization losses due to other atoms are determined, i n  t i e  f i rs t  

In in te rs te l la r  space there i s  about 10% and 

According to fig, the principal p n t  of the in te rs te l la r  gas, 
Rovever, i n  the B It clouds of in te rs te l la r  

(Note 1) 

1: I n  formula (16), in parenthesis a mistake is usually 
bstracting the one i n  tead of adding,? 
n = 0.1 and E = 5.10 8 , the losses in’ (16) sre twice as large 

as those i n  (15). 
G a l a x y  i s  not ionized, we shal l  use formula 15 below. 

radiation following collisions &I,, when shielding is absent, amount to: 

Assuming %hat the principal par t  o f  the gas i n  the 

The so-called radiation losses, which are connected with braking 



and w i t ?  complete shielding in non-ionized gas are equal to: 

where &is the concentration o f  atoms with atomic number Z. 
when shielding i s  absent, 

In hydrogen, 

h c  

(19 ) 

and with complete shielding 

equal when E 

and one half times larger than (20). 
shieliiing can alwws be regarded as absent and 

lo4. Inen E -5.10 8 ev, 
G.3 

For a 

Losses (19) and (20) become 

the value (19) i s  about one 
completely ionized gas, the 
formula 19)  can be usedr d o t d :  I n  an  ionized gas, the shielding radius i s  the Debye radius 

D vr 2 - q G ”  r\ 
which fo r  T-10 4 n 4 . l  i s  on the order o f  lo3 un. Roughly spezking, we i ,&  
may disregard the shielding as long as the distance n. -5 3- == 3 e S d g / O  + 

i s  much smaller than the shielding radius bur 
only when E 

MC m= In our case r-DY103 W C -  

f= 3*1013, i,e, E -1019 ev, 7 mc 
I n  non-ionized hydrogen formula (19) i s  applicable trhen E 

m? - Ll@, 

while taking the shielding into account the fo rmla  (20) should be used 
When E 

interested i n  electrons with m 3  lo3, we shal l  use the forrrmla for  
the case of cmpletelshielding. This is even more just i f ied since the 
difference between (19) and $20) i s  relatively small. For establishing 
a correspondence with ordinary calculations which take into account the 
inaccuracy o f  the logarithm i n  (18) for high elements, l e t  us increase 
t h i s  l o g a r i t h  by 10% (see /??hh)* 

lo2  (more precisely see /&I). Since we are basically - mcZ E 

A s  a result, instead of (20), T J ~  obtain - 
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?There 3 the uni t  of length, withizwhich the energy of the electron de- 
creases due t o  b r s n g  radiation, on the average e times, according t o  
(a) i s  equal! t o  62 g/cm2. 

t ion  losses, are not colztinuous and it may be rouguy considered tha t  
these losses do not occur a t  all dong the path of the particle, but the 
electron looses i ts  energy immediateIy af ter  h a ~ n g  traveled,on the 
average, 62 g/cm . with n-0.1, the path of 62 g/m2 corresponds t o  a 
time T 

The hard photon, formed i n  braking the electron, practically is 
"out o f  p l  3;: since the entire thickness of the Gal- t o t a l s  approx- 
imately 10 
such a path i s  negligible because of photon conversion. 
sence of matter outside of our G a l a x y ,  a certain equilibrium must e f i s t  
between the electron and photon components; 
terest ,  but we are not going to discuss it here. 

Energy losses connected with the [Ireverse Compton-effect", are 
discussed i n  /25, 2@. Taking into considerztion tha t  these losses, as 
it appears, d; not exceed the radiation losses, we w i l l  deal with them 
here o n l y  very briefly, kt us assume tha t  the radiation spectrum cor- 
responds to a temperature of 6000°, and, consequent1 , the mean energy 
of photonsc = 2.73 El! 1.42 ev, According to fid tqe mean energy of 
radiation 5-n the Gal= is accepted as-equal t o  5 - 0.03 ev/cm3, Con- 
sequently, the mean phot011 densiw i s  n 91 + * 2.10'2, The work E67 
uses values 10 t ines  larger for However, considering tha t  the 
cosmic rsys and the in te rs te l la r  gas form a spherical subsystem riJith a 
radius on the order of the radius of the Gal- ( R ~ ~ 3 ~ 1 0 * ~ ) ,  it i s  nat- 
ural to assume a smaller value for 5. This question is  of  but l i t t l e  im- 
portance, as me w i l l  see below. 

In the coordinate system connected with an electron, the energy of 
the photon is equal t o  E' 2 where rn c- 
/3 '= -$Pis the energy of  a photon i n  the t e r r e s t r i a l  "sgstem of  r e s t "  

( in t h i s  system, the energg of  the electron is  E, and the angle betwen 
the directions o f  the movement o f  the electron and the photor, i s  equal to 

ru 

We must s t ress  that  the radiation losses, i n  contrast to ioniza- 

1.2°1016 sec Xh01O8 years. 

1023 = low2 g/m2 of hydrogen, 2nd pair generation on 
Due to the pre- 

this question may be of in= 

- -  
and TL 

dc .t, %+ ). 20n the average, f o r  isotropic racEation, B' - - / = 5  E - "  
&ere -& mc under condition tha t  s vy)c - '- wca WC" 4 ' (22) 
Under t h i s  condition, the Thornson's cross-section can be accepted, as the 
cross-section f o r  photons scattering on electrons 

Gi- 9 (g~)%p G, * )od f l cm-  (23) - - .  
In practice, the (23) cross-section can be used with sufficient accuracy, 
until E c 

5 C $ $, wbich occurs f o r  E<5'o1010ev (gjith < =1.42ev). 
d 

2.3 - 
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Stnce we are on ly  interested $p such electrzns, we shall use the cross- 
section (23). 9 t h  5 = 2+10’ , we obtain a length f o r  t h  course Of On 
the order of l o 2  cm, which corresponds t o  the time T - 10 years. 8 The 

(24) 
-c 

A s  i s  evident from a comparison o f  formula (21) where n- 0.1 mlth formula 
(241, the m e a n  losses f o r  the braking r diation and for  the reverse Compton- 
effect  become equal only when E- 5*101* ev, while, for example, when 
E ,-v lo9 ev, the losses (24) are 40 times smaller than the losses i n  (21). 
Both tws of  losses are similar i n  nature: they do not occur continuous- 
ly, but in large portions, on the arerage, once i n  about I O 8  <- lo9 years. 
Therefore, we are not going t o  consider further the losses from the reverse 
Compton-effect, regarding them as s m a l l  i n  comparison with radiation losses 
i n  the region of ene rees  under consideration. 

fioikl A t  energies E > lo1’, these losses are also of  no particular 
importaFce, since they are smaller than the losses f o r  braking radiation 
i n  the magnetic fields. The increase i n  losses due t o  the 
reverse Compton-effect, when the glectron approaches the Earth where there 
are many solar photons i s  also not significant (on the ent i re  path from 
the Earth t o  infinity, i n  a co umn with 1 cm2 area, there are N e 4,5*102O 

special consideration only in examining the electrons, which move A ong 
closed trajectories within the limits of the solar system E67* A t  the 
same time, it seems expedient t o  make more precise (see above) the values 
of “,and f‘ i n  in te rs te l la r  space and thus t o  increase the accuracy of 

@e (2517. 

photons @g, L e ,  E a ~ - 3 * 1 O W  i!i ; therefore, solar radiation nmst be given 

- -  
formalar (241, 

We now have t o  consider o d y  one more type of losses, namely, the 
losses connected with braking radiation i n  in te rs te l la r  magnetic fields,  

SI electron moves i n  a magnetic field,  it looses energy 

m 

where H, the perpendicular t o  the velocity o f  an  electron, i s  a compon- 
ent  of the magnetic field;  it is assumed that E mc2. 

- 17 - 



By integrating the equation (?%) we obtain 

I (26) L= / , ? *  1 0 - 9  H 2 z - +  
me* bc 

&ere E i s  the energy at moment 5 and Eo i s  the energy at moment 5 = 0. 
Ionization, mean radiation, and magnetic-braking losses of elect- 

rons =e coqared in Table 4. 
be remembered t&t they occur not continuously, but ir,  large portions 
once every 4.10 years (see above), Ionization and magnetic-braldng losses, 
on the contrary, are o f  a more o r  l e s s  continuous nature and undergo 
considerable changes o n l y  during the transit ion of an electron from a 
region v i th  one magnitude n or H t o  a region with significantly different 
magnitudes of  one or both zf these values. 

trajectory of the particle;  
around the force lines o f  the magnetic field. 
tance a t  which the magnetic f i e l d  changes greatly, is 
p a t i c l e  may resemble, i n  the first approximation, a molecule moving i n  
a gas with a free path length -& The velocity o f  the forward motion 
of the particle averages i s  on the order o f  5 and with isotropy i s  equal 
to CQ The diffusion factor D can be assumed equal t o  D - c 

&is the effective lengtl ,  determined, strictly spe-, precisely by 
th i s  relationship f o r  Do 

During time t the par t ic le  will progress i n  the given direction 
the distance 

Mith regard t o  radia%ion losses, it should 

Non-uniformity of the mgnetic f i e l d  prochces a very torkaus  
in most regions it is  a sp i ra l  l ine  innding 

If the characteristic dis- 
then the charged 

@ 
iL” 

3- (26a) 
we f izd L - 3 0 1 0 ~ ~  (radius of the G a l a x y ) ,  if t - 1016 - When 

of the 
the energy 

, will be equal t o  

and, i f  mc2 of the values of 

*0* 
Let us consider now the gain of energy, The Fermi mechanism PO7 

is  connected with the collision o f  a particle d t h  moving magnetic fieids.  
From one collision, the particle receives energy on the average on the 
order of v2 E, where 3 is the velocitg o f  the in te rs te l la r  medium. -7 - 

e v= The average gain of energy i s  equal t o  
V Z  

(27 
.c__c 4 E  - - E E ,  & * - - -  * -  

J7 c= T c’ 
/ 

kf 

c r g -  
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where t i s  mean time of free path a6d 

creasey (27), only sudden losses o f  energy occur (radiation losses for 
electrons, nuclear collisions for nucleons) with path length 4 = cT, 
the particles which habe been !'let outn i n t o  the in te rs te l la r  m e d i u m  with 
an energy larger than a certain minimum "injection energy", h, are 
accelerated and the i r  spectrum is  of the type (7), &ere 

i s  the length of the free path 
Under such conditions, when, despite the process of energy in= 

m e r i e n c e  shows tha t  a t  E 31013 ev fo r  cosnic rqys (basicdly, it seems, 
protons) 'y 2.7. It follows that  

v* 
In Eg i-i; was accepted ~r 3.106, 1 - = 1e2*1018 * 0.4 parsee, 

The l a s t  figure corresponds t o  the 
cross-section f o r  the absorption of protons 7 2.5'1 -26cm2, ,md 
the density of the in te rs te l la r  medium (hydrogenif 10-2eg/m3; the 
path o f  protons i n  this case i s  equal t o  70 g/cm of hydrogen. 
be noted, however, tha t  the accepted cross-section is not based on any 

drogen the s 0 - d  l ed  "geometric 
a I C - = -  cvn5 

makes it as yet im- 
possible t o  analyze the significance of a path 70 g/m2. However, it 
i s  more correct t o  assume the density o f  in te rs te l la r  medium as equal 
t o  9 = 0.1 ( e Iy 1,67*10125 g/cm3), hence a = ke2*1026 and T = 4.5. 
*lo8 years, This value practically coincides with the %fe span" f o r  
electrons, as determined by radiation losses. Following S. S. Eikel'ner 
Dl., l e t  us assume for  in tgrs te l la r  gas (for  i t s  basic part, s i tua t  d 
outside of  clouds) v ~ = = ~ * l O  which corresponds t o  a f i e ld  H * Z  8.10-8. 
Then from (29) we 
ual. (See -mI>. with accepted values of v and R , according t o  (27) 

(29) - L ./rz' / a 7  
A * = 7*1025 m (TR 7'109 years); 

It should 

i n  this case i s  equal to 

the value * 2.1019, which seems t o  be fact- 
c Y 

&7i e 4 .  /6" '7fsc- I  
( 3 0 )  

Because of the appro&&e nature of expression (27) uld an inaccurate 
howledge of a l l  the parameters, the value (301, obviously, i s  only ten- 
tative; 
t i m  s larger for  ck e 

Another mechanism of the acceleration of particles i n  interstellar 
space i s  comected with induction effects B2, 237, Considering that i n  
:he par t  of  the Galaxy  surrounding us and % our-epoch the magnetic f i e l d  
is; on the average, increasing, Pa. P, Terletskiy and A, A. Logunov @" 
arrive a t  the relationship 763 where rrrr 2*10'13sec-1 

using the parameters (lo), r e  would obtain 2 value about 10 

(31 1 
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Both indicated mechanismS are functioning also i n  application t o  
The energy gains electrons, and therefore should be o f  interest  t o  us, 

according t o  (30) and (31) f o r  various energbs are shown i n  Table 4. 

a re su l t  of collisions of cosmic nucleons with the nuclei of interstellar 
gas, as well as with i n t e r s t e l l g  electrons and thermal photons, 
l a t t e r  effects are small, as compred with the former (nuclear collisions), 
which may be very significant. 
place, from FIAN (R-siches - Kiy Ins t i t u t  Akademii N d  - physics Inst i tute  
of "ci?e Acaderny of Sciences) (See Section VIII i n  the l a s t  review BV), 
electron-nuclef sprays occur during collisions of cosmic mcleons, and i n  
each collision with E> 2*109 <= 1O1Oev approximately one l-r f -meson is 
formed ( KC-mesons are of lesser importance, since the 1 -rays, resulting 
from the i r  decay, will leave the Galaxy, hxdl;y forming a pair) .  
assume a nucleon path4 , the mean number of cbarged mesons formed in one 
act  i s  S. and the electron path 4' , 

The f a s t  electrons must also be formed i n  in te rs te l la r  sDace as 

Both 

According t o  data, obtained, i n  the first 

If we 

Then, i n  case of equilibrum between 
electron; and rne sons, cfie eiectron concentrition N - s 4' a/h6--- % slrhere N, i s  

the concentration of mcleons. evidently, 
N- %, 
of A and S used do not make it possible ye t  t o  make a reliable estimate. 
However, we would l ike  t o  stress that the appearance of  a substantial 
number o f  cosmic electrons unavoidably follow from the above considerations 
of  the equilibrium between the nucleon and electron components. Naturally, 
the mean energy of  the electrons m a y  be considerably lower than the m 5 a n  
energy of the protons, and generally the spectra of both components must 
not necessarily coincide a t  all.  

A t  4 - 70 i/m:)and S -1; 
It is  t o  be regretted that  the insufficient accuracy of the values 

4. The Electron Component and the O r i g i n  
of cosmic Rays 

&y theory on the origin of  cosmic rays must take in to  account the 
data described above concerning the electronscoqonent, i.e . must eq la in ,  
first o f  a l l ,  the absence o f  any considerable number of electrons with 
E ') 109 ev. It i s  naturally t o  corm et th i s  fact  with the effect of brak- 
i n g  radiation in the in te rs te l la r  magnetic fields. 
s m a l l  fo r  protons, t ha t  it can be disregarded, while for  electrom it is  
of  consider&le importanc As i s  shown i n  Table 4, the bralring losses, 

resul t  o f  the Fermi mechanism with$ = 4*10-17. Thus, i f  this mec'nanim 
is  accepted as the basic mechanism, acting a t  high energies, then the ab- 
sence of high-energy electrons i s  naturally eq l i cab le  by la ses i n  mag- 
netic fields. The opposite opinion of Donahue E67 is  rroneous and is 
connected with the selection of the value& = 2.?a10-G, d e c h  i s  100 
times larger than that  obtaine&in fig, and 1000 times larger thm tize 

This effect i s  so 

even i n  a f i e ld  H W  3.10 -%* with E > lo9, surpass the energy gain, as a 

- 
- 
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most probable value 
Donahuels arguments E 6 y i n  favor o a circumsolar o r i g i n  of cosnic rws 
hFve no foundztion. 
taken by Pa. P. Terletskiy and A. a. Logunov &g i s  inathnissible, and, 
consequently, the theory proposed i n  @gar, at l e a d  its concrete ver- 
sion under consideration, does not correspond t o  reali ty.  

c t ed  by& (gee ( j o y  (See Note)* Therefore 

e t h e r ,  it i s  clear thaC the valued- = 2*10°13 

It i s  erroneously asserted i n  26 that the value 
t o  the values e an cg , accepted i n  bg; 

resul t  i n  a 100 times SmaUer significance 

We do not intend t o  present a detailed discussion of the origin 
of cosmic rays i n  a l l  its breadth i n  th i s  a r t ic le  (See Note), 
fore, besides the points already meidZoned, we shal l  limit ourselves 
solely t o  a few more remarks on the origin o f  cosmic electrons and other 
components of prim- cosmic radiation. 

burg m i t t e n  a f te r  the conference (Uspemi f i z  muk (Progress i n  Physical 
Sciences), 343, 1953) (Note mde during proofreading.) 

particle acceleration i n  the in te rs te l la r  medium can operate only above 
a certain injection energy b. 
protons k n w  2.108ev; 
nuclei &* 2.10 ev; 
ues change l i t t l e  even with the more probable parameters assumed above PJ because, though the ionization losses decrease about 10 times (since 
n -0.1, instead of  n .- 1). However the velocity of energy gain also de- 
creases by about the same factor due t o  the increase i n  length &?. 
electrons as can be seen i n  Table 4, ionization losses equal e-ergy gain 
a t  E -lo9 ev. A t  higher energies, ever, i n  the field E *3*10', the 
radiative losses exceed energy gain at - 4.10-17, Taking account 
the known inaccuracy of t e l a s t  expression, we can assume tha t  i n  some 

zppears improbable tha t  this region could be a wide one. The fac t  tha t  
electrons with E 7 109 ev are not found i n  considerable numbers near the 
Earth almost rules out such a possLbility, although it does not exclude 
it ( i t  could w e l l  be tha t  high-energy electrons are present, but on ly  i n  
a very small number, as would be the case of spectrum (13); 
the search f o r  even an insignificant number o f  electrons i n  the primary 
component near the Earth is  undoubtedly of interest). The necessity of  
injection and the presence of various nuclei i n  the composition o f  cos- 
mic raYd afford a solid basis for  the assertion that during the movement 
of cosmic ray particles in the in t e r s t e l l=  medim only changes in the i r  
spectra may o c m ,  but not the formation (primary acceleration) of the i r  
fundamental part. Primary sources of cosmic raJrs can be either m a w t i c  

There- 

B o t d  This problem is dealt with in an ar t ic le  by V. L. Ginz- 

Because of the presence o f  ionization losses, the mechanisms of 

According t o  the data i n  6 0 7 ,  - f o r  

mese va- 
f o r  c c  -particles ki 109,~- for  c, E, 0 10 and for Fe nuclei & @=3*1OhevO 

For 

region of energies E 710 b ev the electrons may accelerate. However, it 

consequently, 

c 
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stars (see eg), or  supernovae and nov’ae stars (see @9, 30, 3&7) (%e 
?Tote ) . 
origin of the hdamenta l  p a t  o f  cosmic radiation, i n  our opinion, de= 
Serve l e s s  attention and T.J~ w i l l  put them aside. 
vistic electrons i n  i n t e r s t e a r  space, which has been proved by radio- 
astronomic data, i s  an additional argument against the theory of the 
solar origin of cosmic rays (according t o  that theory, the concentration 
of cosmic rays should be great only i n  the regiol? of the solar s y s t e m ) .  

ir, pr imiple ,  but there i s  no answer t o  the basic question, namely: 
whether t h i s  mecharlisn i s  actually operating on such a scale as ?mild pro- 
vide an explanation f o r  the observed intensity o f  cosmic rays. 
wise, as emphasized by P. S, Shklovskiy bg, the mechanism related t o  
supernovae has found direct  experimen2al confirmation, The f ac t  i s  tha t  
all known remnants of supernovae explosions are objects with radio eman- 
ations (radio nebulae), and the only known mecha-ulism for  this radiation 
is  the mechanism of r e l a t iv i s t i c  electrons i n  magnetic f ie lds  D7,lv. 
The number of electrons, necessary t o  explain the observed radiation, i s  
of the same order  of magnitude as i s  required t o  assure the observed in- 
tensity of cosmic rays (for more detai ls  see B0,3g). Therefore, the 
hypothesis which conrects the origin of cosmic rap with the explosions 
of supernovae, seems t o  us very probable and deserving of particular 
attention. 

The cosmic rqs, formed as a result of supernovae explosions, 
mixrally have proton, nucleon, and electron components. 
it is no 
(E- ev) originate i n  the same way, (See Note) Such particles 
should be very few and they might originate i n  the shel l  o f  a supernovae 
star Bq. 
served speed have been accelerated i n  an in te rs te l la r  medium, 
mental corroboration of this assumption i s  possible through investigation 
of the spectrum of  the nuclear compone t at high energies. 

(BOG) If the energy E e 10” ev i s  carried by a hemy nucleus, 
then the 

E t h  the parameters given i n  Section 3, the observed s-pctrum with 
‘ f e 2 * 7  occurs o n l y  i n  the case of protons whi le f o r  nuclei this spectrum 
must be entire&y different. 

&k= be smaller @&) than for  (A protons. i s  the atomic Therefore, weight) as and can the be path seen length from (281,  rill i f  f o r  
protons T* 2,7, then for nuclei T - > 2.7, and i n  case, for example, of 
Fe nuclei, e v e n 7 3  2.7. 
tons and nuclei a t  E 3 kn would suyport the Fermi mechanism. 

(Note) Other possibil i t ies,  particularly the theory of the So la r  

The presence of re la t i -  

Accelerxtion o f  particles by magnetic s t s s  appsently is possible 

Contrari- 

ik Trinciple, 
excluded tha t  even the par t ic les  with the highest known energies 

It is, however, possible that  the pzrticles of highest ob- 
m e r i -  

vdmum energy of the proton w i l l .  be on the order 

Actually, for  nuclei, tbe cross-section 

Consequently, the difference in spectra of pro- 
Present* - 
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available date 03,387 do not make-the solution o f  t h i s  problem ygss ibh  
since the spectrum of nuclei i s  knom~ on ly  up t o  energies E-10 
nucleon, 
less  the same ( Y e  2? This may be regarded a s  evidence tha t  the s p c t m  
of all part ic les  is determinad, i n  a correspondix energy region, by the 
primary sources. 
energies E,(Mn. Since, for the observed Fe nuclei, E .? h-z  3 0 1 0 ~  
ev, then the primary sources must generate particles w i t h  at l ea s t  an en- 
ergy on the order of 3.ld-l- ev ( fo r  protons this corresponds t o  an energ;y 

In principle, it is possible that the spectrum o f  elecbons, gene- 

ev/ 
k this r e  ‘on, the spectra of protons and nuclei are more o r  

For nuclei it cannot be otherwise since we deal  here with 

E - l o l o  ev), 

rated by a primary source, d.iffers from the spectrum o f  protons. 
happen, f o r  example, i f  the acceleration o f  particles due t o  the explosions 
of supernovae occurs during a period of considerable brightness of the star, 
when the electrons are strongly braked by a reverse Compton-effect. 
ever, evaluations show that, iin the case of s t a t i s t i ca l  acceleration of 
particles i n  star explosions og, the spectra of all part ic les  are similar, 
but the mazimum energy, a t  which the spectrum is interrupted, is proper- 
t ional t o  the mass of  the particle, and thus f o r  electrons i s  about 2000 

burg i n  the present collection (p. 258 

E s  can 

How- 

times smaller than f o r  protons (See 
(Botee  For more details and the report of V. L, Gine- 

When electrons move in  in te rs te l la r  space, their spectrum 
because of  braking radiation i n  in t e r s t e l l a r  magnetic f ie lds  (See - -  
If electrons with the energy Eo are constantly entering in te rs te l la r  space, 
then their number i n  the range E 
pon-0 r a g e  d t  = const dE 

with%-* 2, 
dE . Then 
F *  

E { dE i s  proportional t o  the corres- 
&ee (257, i.e, a spectrum i s  obtained 

EL 
L e t  us now assume that  the spectrum of injected electrons is 

(32) 
For energies E 4 Eo a t  

E 
Where S, i s  the maximurn energy i n  the spectrum, 
A 4 1 we obtain a spectrum with 
( a t x  E 1, N(E) z const 4 r  E, )a As a r e a @  indicated, for pro- 

tons and nuclei i n  the region of energies E 4 10” ev/mcleon, the spect- 
r u m  with Y ZZ- 2 is determined by primary sourcesf, for which, consequentb, 
QL = )(% 2, 2, we obtain y 3 ,  ;&ich corresponds t o  reali’cy, This resu l t  q p e s s  t o  
US very significant. Moreover, it must be noted tha t  the spectrum of elec- 
trons from the high energy side must be interrupted. 5ffi.s can be e s l a i n e d  
by the fact  tha t  the energy of particles, generated i n  the somce, proS&b, 
has an_ upper limit (see &-7), f i l e  i n  in te rs te l la r  spa= the high-exergy 

= 2; at  A) I, with y =ot ,L 1 

--s- E 

merefore, for  electrons generahd in a sowce with e4 

- 
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electrons not on ly  experience no agceleraEon, but even loose t he i r  en- 
ergy for  a number of reasons. 

i n  our opinion, of working out of the problem of the 
rays due t o  flares of novae and supernovae B0,31,3$ Having obtained 
the corresponding primary spectrum of  various components, the scient is t  
must I”ollowup the transformation o f  this spectrum, while the fast  par- 
t i c l e s  s e  moving i n  in te rs te l la r  space. Some data on t h i s  question are 
already available (See Section 3 ) .  
theory i s  possible on ly  i n  close contact wi5h experiments. Particularly 
important i n  this respect are radioastronomic investigations of the spect- 
rum and intensity of general galactic radiation as -all as the radiation 
of radionebulae ( in  the f i r s t  place, shells of former supernovae stars). 
Experiments xith primary cosmic rays on Earth should provide, 5 . ~  addition 
t o  a clarification of  the problem o f  the spectrum of par t ic les  a t  high 
latitudes (See Section I), the necessary ways of searching f i r ther  f o r  
even an insigni2icant Ilumber of electrons and photons with E >lo9 and of 
determining the spectrum of the nuclear-component a t  high energies (with 
E )101* ev; 

astronomy and cosnic electrodynanics, the theory of the origin of  cosmic 
rays has come into close association with other astrophysical problems and 
has gone beyond the stage of purely hypothetical conjectures. 
progress has been made i n  th i s  f i e ld  already, arld one m a y  hope tha t  in the 
nearest f’uhreiit will become even more significant. 

The basic task of further studies i n  the f i e l d  of thenry consists, 
eneration of cosmic 

Naturally, the development of the 

i n  tkis connection, see L347). 
In conclusion, l e t  us emphasize that, with the development of radio- 

C6nsiderable 
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Figure 1. Integral spectrum of the primary component of cosmic 

9 rays. 
Along the axis of the abscissae - kinetic energy of 10 ev 
f o r  protons; along the axis of the ordinates - flux i n  
ver t ical  direction (particles x X sec'l x stera-jian-1) 
Legend: 

a. Number of pgrticles X Cmm2 X sec'' X steradians'l). 
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QUESP: ONS AND DISCUSSIOMS . 
_ _  I. Veksler. I did Eot understand why i s  it, tha t  from the fac t  

o f  radiation being proportional t o  the square of energy, it follows tha t  
-c - 
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the differential  spectrum becoGes sharper? 

can all this system then be imagined as a kind of plama, neutral on the 
Tchole 1 

i s  the picture of the distribution of coSnic rays in the Gal=? 
question was discussed y e s t e r w  i n  S. B. Pikel'ner's report. 
that  the s t e l l a r  population of  OUT G a l m y  forms a kind of tlpanc&elr and 
t he  in te rs te l la r  gas i s  distributed i n  a f i e ld  which resembles a sphere, 
then the cosmic rays, which are held i n  the G a l a x y  'gY magnetic fields, 
should occupy about the same volume as the gas, 
t i v i s t i c  electrons, as determined directly from radioastronomic data, 
reaches 10-10 cm-3, i.e. i s  qproldmately the same as the concentration 
o f  protons i n  cosmic rays, 
gas i s  about 0.1 t o  3 times lower, and the m b e r  of r e l a t iv i s t i c  particles 
makes up o n l y  one bi l l ionth p a t  of the number of  non-relativistic par t i -  
cles. Therefore, the question of neutrali ty should not bother US. 

As t o  the acceleration, I am not f a m i l i a r  with the work of Born, 
but I m a y  ca l l  your attelltion t o  the fact  that  the frequency i t s e l f  o f  
the in te rs te l la r  plasma i s  very small, and therefore, it i s  hard t o  im- 
agine that  it should be o f  great importance t o  take i n t o  account the plasma 
fluctuationsr 

Let us a s m e  
that  you have electrons which n e  injected i n t o  a medium with the energy 
Eo , m-d t h a t  they are injected continuously. The spectrum o f  the eB ct-  
rons will then be proportional t o  dt, i c e r  t o  tha t  interval. of time which 
you hzve under consideration. But, since dF: - aE2, it i s  evident tha t  
it gives a spectrum d t  

Second question: If the Galaxy i s  real ly  f i l l e d  with electrons, 

TT, L. Ginzburg; Permit me t o  start with the second question. What 
This 

If we assume 

The amcentration o f  rela- 

The concentratior! of the entire in te rs te l la r  

I will now answer the question about the spectrum. 

I -  

N(E) const 
- 3 - 0  

Physically this i s  absolutely clear. The higher the energy, the 
greater the losses. 
much shorter than electrons x i th  l o w  energy. 
electrons has the form W(E) C const E&, then the spectrum will be 
kat CL> 1) N(E) = const 

Therefore, electrons with high energy w i l l  "live" 
If the spectrum of injected 

. E q T - - - *  
Pa. P. Terletskiy. What number do you choose for  the mean energy 

of electroos? Where do you get t ha t  number from? Just from your theory 
of radiation of  electrons a d  generd galactic radiation, o r  f r o m  some 
other souroes ? 

The mean energy can be calculated on t h e  fol low- 
ing basis: 
This eqression we substitute in the expression for  the intensity of 
radiation i n  a given direction. 
We a l s o  know the relation to wave length. 

V. L. Gi_nzbg. 
We assume t5at the spectrwn of  electrons has the form 

The intensity of r z a a t i o n  i s  h m .  
Born the relation of the 



intensity t o  the wave len&h we determiner and we obtain the differ- 
en t i a l  spectrum. 
the mean energy. 

radiation of electrons. 

trons radiate i n  a in te rs te l la r  magnetic field, 

the exponent i n  the energy spectrum of the electrons begin? 

but a c t u a y  there are also ionization losses which do not depend on 
E, and thus the spectrum m i l l  be somewhat different from E'3, Rom the 
f ac t  tht i n  an experiment the spectrum has the form E-3, I am in ined 

W s ,  you know everything and i n  particular JT~U h a W  

Pa. P. Terletskiy. 

V. L. Cinzbmg, 

M. Ya. Pogoretskiy. 

IT. L. Ginzburg, 

AU. this is  connected with your theory of 

merything i s  based on the assumption tha t  elec- 

A t  what ener&y value does the decline of 

I c a l d t e d  tha t  the losses proceed like aE2, 

t o  conclude tha the magnetic f i e ld  should be of  the order of 10' 9 , 
rather t h m  10 -2 oersted. 

PI. I. Podgoretsk3y. 

8, L. Ginzburg, 

How does this l i m i t  depend upon the mss of 
the particles 3 

have now: 
braking i n  magnetic f ie lds  is already considerable and it could produce 
an "obstruction11 o f  the spectrum. 
comes of it; 
operating, 

Question. This question, probably, should be addressed to S. N, 
Vernov, rather than to you, Once you accept the Fermi's mechanism, ym 
thereby accept the "long l i f e "  mechanism, 
you v i11  nave nuclear losses and the spectra w i l l  be different. There- 
fore, I would like t o  hear from both of  you, what End  of energy spect- 
rum of nuclei from protons t o  i ron  you actually obtain? T a t  could we 
stretch here, if we should l i ke  t o  change thG power of the spectrum in 
t h i s  o r  that  direction? 

that  must come *om S. N. Vernov, 

/nucleon, T = 2, and it i s  clear tha t  this d e r  can not chznge very 
much* 
i s  the same for protons and for  nuclei, A t  the energy 1013 = 1016 ev 
/nucleon Y = 2.7, The value y here i s  real ly  v ry accurate, cor- 
rections are made i n  *ths parts, Finally, a t  10lz = 10x8 ev/nucleon, 

some&at smaller than 3,  but no assurance can be given i n  th i s  case. 
V, L. G b z h r ~  The question was posed concervLng nuclei; does 

not the i r  spectrum become obstmcted a t  certain energies? 

I had the same idea in riind, as you apparently 
with very high energies (of the order of l g 7  ev) fo r  protons 

This i s  very temptin&J But nothing 
a t  l ea s t  not when the accelera%ing Fermi's mechanism i s  

In  the case of th i s  mechanism 

V, L. Ginzburg. 

S. 'N. ?erno~. 

In the rage  2°1010 - 2.101* ev/nucleon, 

I entirely agree with you, but the answer t o  

In the range of energies from 2,109 t o  2.1010 ev 

= 2.5, and this value 

is apPro&atew = 3. Appro?Ama,bdy, that means most probably 

/ 
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S, N. Vernov. So far-& do not have f ina l  data concerning the 
spectrum of nuclei i n  the range of high energies. 
S. No Vernov, Go  To Zatsepin, M. I. Badkin (see p. 61) it was indi- 
cated th& G. T, Zatsepin advanced the idea abotlt the sp l i t t ing  of 
nuclei photons of low energies, inich might make it possible to 
separate nuclei from the ruLl flux of particles. Prelimin- data 
show that  this phenomenon can explain the correlatedbroad atmospheric 
cascades, On the basis of these data, it may be aff5med tha t  the 
heavy nuclei are also present i n  the range of very high energies. 

Question. 
space o f  r e l a t iv i s t i c  electrons. 
come? l@ understanding is that, i f  there are thermal electrons i n  the 
in te rs te l la r  gas, they are evidently accelerated by some kind of  mech- 
anim t o  a certain energy. 

equivalent mechanism fo r  acceleration i n  the in te rs te l la r  medium can 
not by i t s e l f  lead t o  the apFearance of a large number o f  relativisfiic 
particles. F e M  advanced the idea that protons can regenerate. But  
there are nuclei which aannot regenerate; therefore, it i s  improbable 
that  protons could regenerate either. I rn of the opinion that  khere 
are primary sources and the role of the medium i s  t o  cause certain 
chan-gs i n  the spectrum, 
and may even be entirely insignificant. 

process of  the disappearance of protons, 
years. From this or ig -  
inate the mesons. Zr'-mesons disintegrate into M mesons and the latter 
into electrons. mesons as in tegra te  into gamma rays FjhiCh leave the 
Gal=. 3 3 ,  on the average, about one particle i s  generated, as fol lows 
from the data on electron-nuclei cascades, then w e  must conclude simply 
from equilibrium considerations tha t  electrons are prohced i n  qproxL- 
nately the same m b e r  as protons. Thus, from these simple consider- 
ations it follows that there must be electrons i n  in te rs te l la r  space, 
and tha t  they must be comparable i n  number to protons. 
spectmm of decay electrons mst be softer than that  of protons. 

is it not true 
that  tne electrons originating as a resul t  o f  n u c l e s  collisions ~U 
have an energy which Fs B ss by about one order? 
not be the same as you have said, 

that  a l l  electrons are produced as a resu l t  of nuclear collisions. 
believe tha t  only a part  of the electrons is generated i n  tn i s  T-, 
source must also produce electrons. 
the generation of electrons can play an important ro le  &ich has to be 
taken into ~ C C O U ~ ~ .  
needs special analysis. 

li? the report by 

You said that  you assume the presence i n  in te rs te l la r  
I am interested to know where they 

V. L. Ginzburg. I believe tha t  the Fermi mechanism o r  my o t h e r  

I presume that  t h i s  role is not very great 

kt us analyze theg Your question allms to make one remark. 
A proton l ives  about 4.10 

It disappear? in coll ision w i t h  another proton. 

Naturally, the 

S. Ne Vernov. In t h i s  connection, a question: 

Therefore, 'd( wi l l  

V. L. Ginzburq. I would not l i ke  t o  be understoon as having s d d  

~ r g r  
I 

But i n  the total number of  electrons, 

The problem cd the spectrum of  secondary electrons 
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G. B. ZhBanov, The question was raised here of what can be said 
about the spectrum of heavy nuclei i n  connection with the Fermi mech- 
anism. 
mwever, should the Fermi hypothesis be correct, the PhJer of the spectra 
must be s o  much difTerent for protons and heavy nuclei, tha t  even those 
rare observations, the l i t t l e  material ~iihich i s  &ea@ h o r n ,  provide 
the basis for an  assertion tha t  there i s  apparently no great difference 
between the spectra. 

V, L. Ginzburg. 
believe that it i s  very ixportant t o  c la r i fy  -&at the nature o f  the 
energy spectrum of nuclei is. -if it can be established tha t  t h i s  spect- 
rum i s  the same f o r  nuclei and protons, then this would speak decisively 
against the Fermi mechanism. I did not ink8st, a t  all, on the Fermi 
mechanism. 

essential  fo r  you, t ha t  it accelerates only i n  the range o f  high nergies. 
But d e n  you speak about the selection of the constant QL- 10wl' 
you are then taking into account the possibil i ty of acceleration. 

pt 

it i s  sufficiently s m a l l  then the Fermi mechanism Will not be effective. 
Naturdly, i f  the spectrum does not depend on 2, then t h i s  w i l l  indicate 
tha t  the Fermi mechanism i s  ino-oerative. 

and not Fermi's mechanism, i n  Vne jn te rs te l la r  medim. 
regarded that this is a r e d l y  effective mechanism which accelerates the 
par t ic les  very fast. Consequently, aCmust be a t  mirimurn on the order of 
lO-l5 o r  somewhat more. This se ts  the l i m i t  for the value &from the 
other side, 

I don't t h b k  there is any contradiction here. 
If the radio emanations give an indication that  
ta in  value, tnen thLs puts on upper limit on the fx value, But if the 

and the Fermi mechanism is not operating effectively a t  all. We wil l  
speak about how the acceleration occurs togight. 
present, i s  this: we must take into account the requirement wlzich is 
connected with spectrum o f  the electrons, insofar as this requirement 
is not imagined, but i s  based on the observations indicated above. It 
m u s t  be taken into account, so t h a t  the theory should never contradict 
experience. 

In  1948 an a r t ic le  was published by rlinberg and 
Primakov concerning collisions o f  electrons with l igh t  quanta. 
YOU think, were their  calculations erroneous o r  not? 

So far, very l i t t l e  i s  known about the spectrum o f  heaqy nuclei. 

This i s  rather an answer t;?an a question. I 

G, B, Zhdanov, You are s q i n g  that the Fermi mechanism i s  not 

lO-l-7, 

V. L. Ginzburg. From the data on tne  electron component we can 
certain upper l i m i t  on b~ (the constarit<can not be larger thar! 

If it i s  b rge r ,  then it is bad. It may w e l l  be s m a l l e r .  If 

Questionr It m a y  be assumed th&t there is  some other mechanism, 
Then it must be 

Bus, you haver a contradiction here. 
'fT, Le Ginzburg. 

cannot exceed a cer- 

CL value is  sufficiently small, then the radio emanation is all right, 

All I want t o  sw a t  

A. A, Grchak. 
what do 
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V. L. a z b m g .  There w a s  anothcer work on t 'n is  t heme .  Wk took 
this effect  into account. 
qpeared tha t  the losses of those electrons i n  w h i c h  we are interested 
(%nth energy oot exceeding lo lo  eV) are very m a ,  even smaller than 
the braking losses. 
and primakov effect  Tmuld be very interesting, but since th i s  is  not 
the case, ~qe did not andyae it i n  more detail.  
of in te res t  Tor the solar thebry of the origin of cosmic rays, because, 
i f  the electron moves i n  the vicirLty of Sun, it should meet many photons 
on i t s  way and the energy losses might be considerable. 

Various versions were considered and it 

Undoubtedly, i f  the lasses T i r e  large, the Finberg 

This effect muld be 

Ya. P, Terletskiy. 
A s  has &ready been said by V. I,. Ginzburg, all the theory devel- 

owed by h i m  i s  based on the assumption that  the radio emanations of the 
Gal-  r esu l t  from electrons. 
his ear l ie r  works. 

were, i n  particular, discussing another possib'ility, rime*, that pro- 
tons m= radiate While moving i n  magnetic fields. 
t ha t  radiation must come basically from protons wit51 very high energies. 
%t even a t  very hLgh energies they rzdiate sufficiently and give the 
spectrum wbich is demanded on the basis of the ne asurement o€ radio 
emanations. Consequently, another mechanism o f  radiation i s  also possi- 
ble. 
the syectrum l i m i t  as w e l l  as electrons d t h  the same energy and approx- 
imatepj 76th the same intensity. 
on that  by A. A. Xbrchak, who has dealt specially mith this problem. 
l"nus, there can be reasonable dotibts about V. L. Ginzburg's argumen- 
tatidn. 

I w i l l  m a k e  only a few remarks. 

This assertion vas expressed i n  one of 

However, nothing was said here about other possibil i t ies.  -kk 

We,  it apeared 

In  my case, we have shown that  cosmic protons w i l l  radiate a t  

Moke detailed information w i l l  be given 

Mo eover, it i s  not known how electrons witb energies of the 

V. L. Ginzburq.asserts tha t  with the values of  o( , which we are 
using i n  our theory fo r  the mechanism of acceleration which i s  somewkt 
dLf&erent from Fermi's mechanism, the electrons should be intensively 
accelerated by Fermi's mechznism, since even kJith small i n i t i a l  energies 
ionization losses would be conpensated by intensive acceleration. IYLUS, 
the objection zgainst a large K is  based on tne thesis  thai; re la t ivis-  
t i c  electrons ex is t  every-mhere, while t h i s  assertion i n  turn i s  deduced 
from the idea tha t  radio emanations are t o  be explained by the univsrsal 
dispersion of re la t ivis t5c electrons. 
w e  accept the assumption that  the electrons, as well as the protons, =e 
o r i g i n a l l y  in jec ted in to  interstellar space by some kind of accelerators 
from some stars, as I ha,ve proposed i n  my report, then it is  not a t  d l  
evide L, tha t  electrons can appear generally x?sith arr energy on the order 
of 10 ev. Indeed, i f  the pr- ary so cesy as was indicated, are emitt- 
ing Protons with the energy 18 - - 13 ev, then the electrons must be 
emitted by these sources T&th a much lewer energy becmse any primasy 

order of 10 8 ev could appear o r  where they would come from? 

But, i f  inktead of t h i s  hypothesis 

ti' 
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sowce must necessarily radiate the samtT-nunber of electrons and protons, 
and, consequently, the electrons and the protons must have the same 
average velocity or charges muld be a c m l a t e d  in the source. 
tons a d  electrons have the same velocity, then, correspondingly, the 
ele ctrons have considerably lower energy than the protons. This has 
-ea@ been pointed out by Johnson, (T. H. Johnson, Rev, Hod, Bys, 
Pol U, 1939, page 208,) 
protons Tenth the energy 109 ev, then it radiates electrons of  much 
lesser  emrgies. 

The conclusion about the absence of higbecergy electrons i s  
based not only on general consideratlons, according t o  which there is  
some sort  o f  a ban on the radiation o f  high-speed electrons, but a lso 
on studies of the mechanism of the induction s t e l l a r  accelerator. 

Let us take, for  example, an accelerator with non-coinciding 
axes of rotation and magnetic moment; 
cdculation was done by US. How does the acceleration process operate 
i E  this accelerator? Because of electromagnetic induction i n  the sur- 
rounding space, an e lec t r ic  f i e ld  i s  formed, 
the star's surface, where the length o f  free pzth i s  sufficiently great, 
the electrons and ions behave as i f  they were free. We can regard the i r  
motion as the motion i n  e lec t r ic  a d  magnetic fields, existing i n  an 
ine r t i a l  system of calculation. 
the electrons w i l l  move, just l ike  protons (ions) by wkc-ding along the 
magnetic force l ines,  
i f  the radius of the spiral. is sufficiently large. It amears that with 
the same i n i t i a l  energy the radius of the spiral of an electron i s  con- 
siderably smaller than tha t  of an ion. Therefore, those ions are easi ly  
detachable which, ever accelerating, move along the lines, not t o  fa r  
removed from the star, i ,e ,  where they can accumulate great energy, 
the other hand, the electrons will detach themselves only i n  those cases, 
when they depart from the star along the force l ines  which terminate 
somewhere aromd the pole. In this case, however, they will accumu- 
late l i t t l e  energy, Bus it follows even from this theory tha t  electrons 
must detach themselves tci.t;k? less  energy than the protons. 

netic spots o r  ~ & t h  the varisble momentum of the star, 
thoroughly m e z e d  337 us1 
l e s s  energy then protocs. 

basic proposition xhich explains generd radiation on the b a s h  of 
r e l a t iv i s t i c  electrons RadLo emanations c m  be successfully ewlained 
as the radiation of u l t ra re la t iv t s t ic  protons. True, diff icul t ies  arise 
i n  our theory i n  ewlaining the intensity of the radio emmations i f  it 
i s  assumed that the sources of radiation are situated sJithin the Gal=. 

If Fro- 

Therefore, i f  a primary source i s  radiating 

no doubts were voiced that i t s  

In the region far from 

In the immovable system of calculation 

They can escape into the space of the universe 

On 

Other mechanism c2n be considered, for exmFle, those with mag- 

In a l l  of them, electrons xlll depart  with 
These were 

Consequently, there are good reasons t o  doubt TT. L. Ginzbmg's 

I 
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ht, if om 2S-S tha t  the s'ources of radiation 
the entire Metagalw, those d i f f icu l t ies  can be eliminated. 

e q l a i n  the radio emanations of the Galaxy  by the radiation of protons, 
and a t  the same time provide fo r  an acceleration mechanism with a large 
value QL 

The report contained a remark that  so far there 
are no reasons t o  regard the energy spectrum of the proton coqonent 
as coincidir,g rJith the energy spectrum of ion component i n  the case of  
very high energies, 
l ished i n  1952, where it was shown tha t  the s p c t m -  o f  the proton corn- 
ponent coincides with the spectrum of t h e a p a r t i c l e s  up t o  energies 
of l o a  ev inclus'vely. 

we do not make the assuxption that the acceleraeon tb -e  i s  mcb  
shorter than the l i f e  o f  the particles, then we w i l l  obtain f o r  the 
spectrum exponent f o r  &-particles y+ 5, xhich i s  different from 
the spectrum exponent of the proton component. Therefore, it can be 
reasonsbly assumed t h a t ,  i f  a mechanism of in te rs te l la r  acceleration 
operates the mean acceleration time is  much shorter than the l i f e  time 
o f  the particles,  

In conclusion, I would l i ke  to express the wish tha t  this con- 
ference discuss i n  more de ta i l  the problem of turbulent motion o f  t5e 
in te rs te l la r  medium. 

interest .  
ernmations or" the G a l z x y  opens a new Page i n  the study of the problem 
of the origin of cosmic rays and, n o t  only of the origin, but also of 
the nature of  the primary component of cosmic rws i n  general/ 

dzta. 
ations of the G d w ,  as due t o  the braking rad5ation of  r e l a t iv i s t i c  
electrons i n  weak h t e r s t e l l a r  f ields? 
cerning this question: every attempt t o  consider the sources of gdac t -  
i c  radiation as separate discrete objects, necessarily leads t o  the con- 
clusior? tha t  the number of such object i n  the Gal.= must be exception- 
ally large, fantastically large, inacceptably large. Therefore, we must 
necessarily accept the fact  tha t  the radiation sources are distributed 
contimously i n  in te rs te l la r  space. Then the number of possibTlities 
i s  not so p a a t .  
in te rs te l la r  gas occurs. 
isolated, but it i s  sigriificant on ly  for galactic k t i t u d e s  which are 
not too high. 
i n  the v ic in iw of the galactic eguator. 
the radiation a t  great distances -from the galactic plane, There there 

distributed Over 

I believe that, working farther in this direction, we could real ly  

A, A. Logunov. 

However, we can point to ewerimental tmrk, pub- 

So f a r ,  no experiments in the range of eier- 
d e s  exceeding 1 & ev have been undertaken. A t  the same time, if 

I, S. Shklovsuy. The report which we jus t  heard i s  o f  great 
There i s  no questioz the t  the interpretation o f  the radio 

Doubts have been voiced here concerning the r e l i ab i l i t y  of these 
To what degree is  it permissible t o  interpret  the radio eman- 

The following must be said con- 

-!! know that  undoubtedly thermal radiation of the 
This radiation i s  observed and it can be 

Thermal radiation of in te rs te l la r  gas plays a role on ly  
What then i s  the nature of 
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are no clouds of in te rs te l la r  meGiun, h e r e  the stellar population i s  t o  
a significant degree rar i f ied? 
by the contemporary ideas on the nature of the galactic gaseous inter-  
s t e l l a r  medium and of the i n t e r s t e a r  magnetic fields. These new 
ideas on the nature of the in te rs te l la r  medium, which were eqounded 
in the report of S.  3. Fikel'ner, appeared a year ago, Their &vel- 
opment proceeded i n  p u a l l e l  i&th the development of our ideas on the 
nature of cosmic radiation and both ideas combked i n  a surprising 
manner g iv ing  support t o  one the other. And thus, the basic ideas on 
in te rs te l la r  magnetic fields, on the characteristics of the in te rs te l la r  
medium, and on tfie cosmic rays are combined into a siggle complex. 

Tne possibil i ty of interpreting the radio emanations of the 
Gal= i n  the manner indicated here by Ya. P. Terletskiy still remains. 
Elovever, great diff icul t ies  arise with this interpretation. Indeed, 
we 1611 have i n  this case ''to stuffr! our Gal= with such a pantity o f 
r e l a t iv i s t i c  h a w  particles, tha t  their  total energy muld be great 
beyond imagination. 
t ions are generated by "superenergetic" heavy particles,  then the density 
of energy w i l l  become of incredible magnitude, w'nich cons%itutes an 
insurmount able diff icul ty  . 

The answer t o  this question i s  provided 

Consequently, i f  we assume that the radio emana- 

I w i l l  now turn to some questions connected v i t h  the report of 

Already existing information on cosmic radiation makes it possible 
V. L a  Ginzbvg. 

for  us t o  draw a number of very h p o r t a n t  conclusions concerning the 
nature of the par t ic les  of the cosmic rays i n  the in te rs te l la r  medium, 
mainly, concerning their  distribution in space. 

cosmic particles occur toward t& galactic center? 
of cosmic radiation aqy concentration t0wzrr.d the center? 
when the diffusion time through the clouds of the in te rs te l la r  medium 
i s  l e s s  than the l i fe  time, which i s  determined by the energy losses, 
it i s  easy t o  convince oneself that  the cosmic rays part ic les  must 
fill the in te rs te l la r  medium with practically a uniform density. Lo- 
cal  fluct.aations, naturally, are possible, but there should be no sys- 
tematic trend toward a localization toward the center. If th i s  i s  so, 
then the data on the distribution of radio intensity (brilliance) over 
the sky make it possible even not t o  construct a rough model o f  the 
distribution of cosmic rays i n  our s t e l l a r  system. Roughly speaking, 
the cosmic rays a d  the magnetic f ie lds  xrfithin which they are moving 
fill the elipsoid of rotation, the large axis of  which i s  about 19000 
parsec, and t l e  small one about SO00 parsec. 
that  this picture corresponds t o  reali ty.  
concentration of  cosmic ray particles occurs toward the center. This 
would mean that during the time when the particles are being diffused 
from central regions toward the periphery, they should already lose a 

First of a l l ,  such questions arise: can any concentration o f  
Have the sources 

In tha t  case, 

Observations prove directly 
Let us a s m e  tha t  a certain 



considerable par t  of the i r  eneFm. 
central regions of the Gal- would possess, on the aberage, s e a t e r  en- 
ergy than those in peripheral regions. 
f lected i n  the spectrum of ra&o emanations. 
l y  high frequencies would predominate i n  the central region of the S a l a x y ,  
Meticulous comparison of existing data on the spectrum of the compon- 
ent of radiation resulting from the braking radiation of r e l a t iv i s t i c  
electrons i n  different regions o f  the sQ, af te r  eliminating the gas 
component, clearly show tha t  within limits o f  lO--ls% there are no di- 
vergences i n  the spectra, 
siderably shorter than the t h e  for  substantial energy losses, and that  
the cosmic ray part ic les  f i l l  the entire ind5cated region v i t h  constarit 
density. 

But i n  this case the electrons i n  the 

This would undoubtedly be re= 
Radiation with comparative- 

This means t h a t  the diffusion time i s  con- 

L. E, Gurevich. I vant t o  make two remarks. One remark concerns 
the turbulence of the in te rs te l la r  medium.  The problem o f  the turbu- 
lence o f  the intPrstel lar  medium has been thoroughly investigated i n  re- 
cent times, which i s  evident, i n  particular, i n  the report of s. B. . 
Pikel'ner. The presence of magnetic f ie lds  i n  the in te rs te l la r  medium 
decreases its compressibility because conpression intensifies a mag- 
netic f i e l d  and increases energy. Compression therefore requires add- 
i t iona l  vmrk. For this reason, the turbulence rnw be regarded as tur -  
bulence of almost incom-pressible medium. Consequently, f o r  turbu- 
lence of a sufficiently small scale we cavl arply the relationships ob- 
tained f o r  isotropic turbuleme, L e ,  GlmOgorov*s Law, 

As is hown, Fermi's mechanism of acceleration- 
required that  the product u2* * have some s t r i c t ly  determjnbd value. 
Actually, however, both i t s  constituent parameters are undoubtedly sub- 
ject  t o  very considerable fluctuations. Therefore, in a l l  discussions 
concerning the application of Fermi's mechanism and i n  comparing the 
theoretical deductions with observation data, w e  must keep i n  mind the 
eestence of considerable fluctuations of these parameters and the re= 
sulting possibil i ty that  these fluctuations ~&ll lead t o  something, l i ke  
superim-posing many p m r  laws, 
acceFt the value &$3-$, as an effective power exponent, but the pre- 
sence of fluctuations alone m i l l  alreactg cause some changes i n  the 
effective power exponent, diich are connected with the changes i n  en- 
ergy. 

Hence it follows that,  i n  order t o  compare the actually observed 
changes of t'nis exponent with the theoretical  deductions, we must f i r s t  
eliminate from those theoretical deductions the influence of  fluctuations 
of both the paameters comprising the Fermi mecharlism on the changes in 
the power exponent. 

vith the questions posed by me. 
point o f  view is, i n  my opinion,,connected with the assumption o f  the 

Second remark. 

Naturally, it i s  always possible Bo ,. 

A. A. Korchak, I muld l ike  t o  make some remarks i n  connection 
The main diff icul ty  of the proposed 
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of  the presence in the in t e r sGl l a r  gas of electrons with the density 

more the cdculations of Finberg and Primako~. A s  far  as I remember, 
they consider i n  the i r  Tmrk cases of collisionsaof r e l a t iv i s t i c  elec- 
trons (with energies up t o  ev) with l i gh t  quanta both throughout 
the ent i re  G d a q y ,  and i n  tne vicini ty  of Sun. 
collision rJith l i gh t  quanta during the rectiJinear motion of an elec- 
‘cron from in f id ty  t o  the Earth’s orbi t  i s  estimated by t h e m  as approach- 
i n g  one, On t h i s  basis, the conclusion i s  made in the a r t ic le  that  there 
can not be electrons lxtth the energy observed i n  cosmic radiation i n  
in te rs te l la r  space. If we add t o  this tha t  the presence o f  magnetic 
f ie lds  i n  inters te l lar  space w i l l  nake electrons w a n h r  a long time 
i n  the Gal=, then the indicated conclusion of Enberg and Frimakov, 
i f  it i s  correct, w i l l  be even more founded, 

I am more accustoned t o  the following 
formula for radiation of charged par t ic les  (A. A. Korchak and Pa. P. 
Terletskiy, ShETF (Journal of Yxperimental and Theoretical physics) 
To1 22, 1952, page 5’07.1: 

of 5*10-’’ part ic les  /cm 3 I regard it as necessary to  review once 

The probability o f  

Now, one more remark. 

&\EJ 3 - E  - e v =  pet./, ( 4 d K  

l% 
y’ru --3 acZ 

If the direction of particle velocity makes a ce ain angle with the 
direction of the intensity of  the m a g n e t i c  f ield,  then t h i s  formula i s  
not correct, and a more general expression must be taken as a basis. 
However, we can approximately estimate the influence o f  the indicated 
angle on the general energy and the radiation spectrum. 
erg$ of the par t ic le  en%ers i n  the above expresston as a square, the 
radiation energy w i l l  depend t o  a great degree on the sine of t h i s  
angle. 
notion makes less 3han a 30° angle with the direction o f  intensity 
w i l l  radiate by one order less, 

Much greater diff icul ty  arises in calculating the spectrum. 
While i n  calculating the t o t a l  energy we m a y  take averages correspond- 
ing t o  angles, we, naturally, cannot do that  in calculating the s p e c t h .  
Therefore, the dependence on the angle must substantially d f e c t  the 
nature of the spectrum. 
be such good corresFondance between the electron radiation spectrum and 
the radio emanation spectrum. 

And now a few :cords about the general energy of cosrcic radia- 
tFon. I f  we proceed fron: the data on the flux of cosmic ray p d t i c l e s  
near the Earth and do not assume that ir! other regions of the Gal- 
the density o f  cosmic radiation m a y  be considerably different, then 
t h  general energy of  cosmic radiation amounts to on the order of  
loF5 to  los6 erg. Rough estination shows tha t  this magnitude of en- 
e r a  i s  greater than the energy of the thermd motion of in te rs te l la r  
gas and of the kinetic energy of the-motion of the i n t e r s t ea r  mag- 

Since the en- 

Ln t h i s  case, €or  example, all particles, whose velocity of 

It czrl be said i n  advance t h a t  there :-ill not 
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netized ncloudstl, and is o f  the s&e order of magnitude as the energy 
of the explosions of novae and supernovae stars f o r  lon years and the 
kinetic energy of the motion of the stars. 
made. i n  the development of a l l  cosmogonic hy- 
potneses, particularly the hypothesis of L. E. Gurevich and A. I. Le- 
bedinskiy, comjc r a d i a t i o n  portion cannot possibly be l e f t  out of the 
t o t a l  energy balance. Second conclusion: i n  considering the energy 
bdance o f  the Galaxy ,  we must keep i n  mind that  there is, erldently, a 
transformation of cosmic ray energy into thermal energy, 

component, it is  usually assumed that the magnetic fields increase the 
paths of cosmic ray particles and the la t ter ,  having wandered a posited 
time, "perish" inside the G a w ,  It can be considered that  a l l  the 
energy of  cosmic radiation i s  conserved basically within the Gal=. 
This fzct was noticed by Unzol'd who connected it with an explmation 
of  isotropy. From this point of view, it can be said that the energy 
o f  sosmic rays is transformed into thermal energy; 
i s  transformed into the energy of the arising turbulent flows, and, due 
t o  the Fermi mechanism, o r  the mechanism described at  t h i s  conference by 
Ya, P. Terletskiy, fin- i s  again t r a n s f o m d  into the energy o f  cosmic 
rays . 

It is  hardly possible to  give a more detailed picture a t  present, 
but one point is absolutely certain, i o e +  when constru-ctkg cosmgomic 
hypotheses, one cannot leave out of the to t a l  energy bzlance the energy 
of  cosmic radiation wid disregard the fact  that  t h i s  energy i s  being 
transformed into other tyyes of energy inside the Galaxy. 

V. L. Ginzburg. 
ation of protons. 
Ya. P. Terletskiy, it states  as follows: IrAs it will be shown below, 
the assumption that  there i s  radiation of protons, i s  unrealistic and 
w i l l  not even be discussed here i n  more detail?', 
t h i s  possibility was considered. 

greater than the energy of the electron. 
that the energy spectrum of  protons i s  somewhat different from that  o f  
electrons, still the observed radiation could only be produced i f  the 
den&ity or" protons d t h  an energy on the order of 1 0 ~  ev m r e  of  the 
order of i o - l o ~ d ,  w'nile actually it i s  five orders less. 

that ,  perhaps there are no electrons a t  211, 
objection connected with protons because t o  assume tha t  protons radiate 
i s  much mrse than t o  assume that  electrons radiate. It is a different 
matter that  tfiere i s  a hypotheticd. element i n  the theory, as lras stress- 
ed i n  the report and was sa id  a t  yesterday's meethg. 
there may be some other mechanism orf radio emanation %*Ach i s  unknown 

Two comlusions can thus be 
The first conclusion: 

In  trying t o  explain the phenomena o f  the isotropy of the primarY 

t h e  thermal energy 

I x S l  daal f i r s t  with th problem o f  the radi- 
In my first a r t ic le  on this topic, &ich i s  boFm to 

Actually, however, 
Be radiation o f  protons i s  co arable 

to the radiation of electrons if the energy of t'ne proton i s  3.10 T times 
Even i f  it is  taken into account 

Now concerning the remark of Ya. Po Terletskiy, where he says 
I decisively refute the 

In principle, 

- 39 - 



to US. 

and it must be considered tha t  the formula (25) includes the value of 
the perpendicular coraponent of  the f i e ld  and not the value o f  the f i e l d  
i t s e l f ,  I w e e  that a more detailed calculztion muld  be efficacious. 
But TnTe are speaking here about the factor of the order of one, and it 
i s  impossible mqy at present t o  work With greater accuracy i n  .this 
f ield.  
m i 1 1  not object and this selection w i l l  result LE lowering the nec ss- 
ary density o f  the electrons by 10 times, m&ng it no longer 10-'cm03 
but 10m12m03. 
A. Korchak referred were checked and it was shown tha t  the effect  was 
small ,  Donahue d s o  says that  on ly  movement along a closed o rb i t  near 
%ne Sun can brake an electron. 

What was said by V. 1. Veksler about the acceleration and plasma 
i s  interesting and th i s  problem should be studied f l r the r .  

In reference t o  the remarks of A. A. Logunov tha t  the spectrum 
of complex nuclei can be determined from the available experimental 
data, 'de s+iU don't know, what the form o f  the spectrum i s  a t  high 
energies. In Kaplon's ar t ic le ,  t o  tqhich Logunov refers, only two 
energy -particles are described. It is  impossible t o  determine the 
spectrum f'rom just two particles. 
present, 
expounding FemL's mecharnism here and not presenting a complete scheme 
for the origin o f  cosmic rays, If Fermi's mechanism i s  rejected, then 
it mst be reckoned that  the f a s t  par t ic les  are generated by primary 
source s . 
are notelectrons, i s  2 fac t  which imposes specific lirriitations on the 
admissible mechanisms of in te rs te l la r  acceleration. 

mechazsrn. 
i n  which it vas presented by Fermi, i s  only a be 'nning, The accel- 
eration depends upon the following parmeter: ny (the ra t io  of the 

square of the velocity o f  the non-u-rlifomity t o  the size o f  the non- 
uniformity). 
If the Kolmogorov spectrum i s  accepted, then a definite conclusion can 
be drawn. 
This spectnun i s  known ollly f o r  non-uniformities of large dimensions. 
We have here a magnetohydrodynamic case, while the i3blmogoro.v qectrum 
refers  t o  ordinary hydrodyaamics. What role  i s  played by the ne gnetic 
f ie ld  and how the magnetic f i e l d  changes the spectrum, we dontt know 

- ' ! S  - 

NothLng can be said i n  the Ggard a t  present. 
A s  t o  the remsk of A, A. Brchak, - t h i s  renark i s  correct, 

Moreover, we can select  r ea l  data, t o  wlrlich t5e astronomers 

The calculations of Finberg and Primokov to which A. 

More detailed data are lacking a t  
I muld l ike  t o  stress once more, however, that  I am not 

Fermi's mechanism i s  a hypothetical one, but the fact  that  there 

A few words on the remark of  L. E. Gurevich about the Fermi 
Obviously, the theory of Fermi's mechanism i n  the form 

E 
It is entirely clear t h a t  some turbulence spectrum efists. 

Jn a,ny case, there i s  no doubt that some spectrum i s  included. 

this i s  a very bportant  que&Lon, There are some indications tha t  



the spectruJn c h - g e s  only insignificantly: then, possibly, it can be 
used, 
go consiaerably farther: 
the path OT the movements of a particle i n  a turbulent medium, taking 
into account the spectrum of the turbulence, e tc+  

more the basic idea of our investigation. 
ations of the Gal= and we st r ive to explain them. 
ternative hypothesis of  "radiostars", 
a great number of *'radiostars", mhich m r e  invisible, but gave off 
great radio emanations, 
view, but only observations could definitely resolve the question. 
Observations have now refuted the radiostar hypothesis, Since this i s  
so, t h e  on ly  available explanation of galactic radio emanations i s  the 
radiation of r e l z t iv i s t i c  electrons i n  the in te rs te l la r  magnetic fields. 
Therefore, I believe, we are ent i re ly  just i f ied i n  proceeding this way 
and i n  developing the theory precisely i n  this direction. 
conditions, there i s  simply nothing e l se  t o  dor 

However, I want  t o  emphasize tha t  i n  the future we w i l l  have to 
t0 analyze more correctly ana i n  more uetail 

51 concludiEg this discussion, I would l ike t o  point out once 
We observe the radio eman- 

There was an al= 
It was thought that  there were 

There was always  opposition t o  t h i s  point of 

Under such 

- d  - END - _. \* - 
~, .?? 

h p . 3  
a 


